Cytotoxic and mutagenic effects of chronic low-dose-rate irradiation on TERT-immortalized human cells.
To analyze the genetic effects of low-dose-rate radiation on human cells, we used human telomere reverse transcriptase (TERT)-immortalized fibroblast cells obtained from normal individuals. We studied the effect of low-dose-rate (0.3 mGy/ min) and high-dose-rate (2 Gy/min) radiation on cells in a confluent state. Survival and micronucleus induction frequency showed higher resistance after irradiation at low dose rate than at high dose rate. The survival after 5 Gy of high-dose-rate radiation was 0.01 compared to 0.3 after low-dose-rate irradiation at the same dose. In accordance with this, the level of HPRT mutation induction by low-dose-rate radiation decreased to approximately one-eighth that for high-dose-rate radiation. We then characterized the mutants by multiplex PCR analysis, which showed that the fraction of deletion mutations was lower in the mutant cells induced at low dose rate than at high dose rate. Furthermore, the size of the deletions in mutant cells induced by low-dose-rate radiation appeared to be smaller than those in mutant cells irradiated at high dose rate. Only a few exons were deleted in the former mutants while all exons were deleted in most of the latter mutants. The present study indicates that the genetic effects of low-dose-rate radiation on nonproliferating normal human cells are quantitatively and qualitatively less severe than the effect of high-dose-rate radiation.